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Summary
Background.  —  No  scientiﬁc  assessment  of  the  theoretical  teaching  of  cardiology  in  France  is
available.
Aim. —  To  analyse  the  impact  of  the  available  teaching  modalities  on  the  theoretical  knowledge
of French  residents  in  cardiology.
Methods.  —  Electronic  questionnaires  were  returned  by  283  residents.  In  the  ﬁrst  part,  an  inven-
tory of  the  teaching/learning  methods  was  taken,  using  21  questions  (Yes/No  format).  The
second part  was  a  knowledge  test,  comprising  15  multiple-choice  questions,  exploring  the  core
curriculum.
Results. —  Of  the  21  variables  tested,  four  emerged  as  independent  predictors  of  the  score
obtained  in  the  knowledge  test:  access  to  self-assessment  (P  =  0.0093);  access  to  teaching  meth-
ods other  than  lectures  (P  =  0.036);  systematic  discussion  about  clinical  decisions  (P  =  0.013);
and the  opportunity  to  prepare  and  give  lectures  (P  =  0.039).  The  ﬁfth  variable  was  seniority  in
residency (P  =  0.0003).  Each  item  of  the  knowledge  test  was  analysed  independently:  the  score
was higher  when  teaching  the  item  was  driven  by  reading  guidelines  and  was  lower  if  the  item
Abbreviations: CI, conﬁdence interval; MCQ, multiple-choice question; OR, odds ratio.
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had  not  been  covered  by  the  programme  (P  <  0.001).  Finally,  91%  of  students  would  ﬁnd  it  useful
to have  a  national  source  for  each  topic  of  the  curriculum;  76%  of  them  would  often  connect
to an  e-learning  platform  if  available.
Conclusions.  —  It  is  necessary  to  rethink  teaching  in  cardiology  by  involving  students  in  the  train-
ing, by  using  teaching  methods  other  than  lectures  and  by  facilitating  access  to  self-assessment.
The use  of  digital  tools  may  be  a  particularly  effective  approach.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Contexte.  —  Aucune  évaluation  scientiﬁque  de  l’enseignement  théorique  de  la  cardiologie  en
France n’est  disponible.
Objectif.  —  Notre  but  était  d’analyser  l’impact  des  méthodes  d’enseignement  sur  les  connais-
sances théoriques  des  internes  et  assistants  en  cardiologie.
Méthodes.  —  Deux  cent  quatre-vingt-trois  internes  et  assistants  ont  répondu  à  un  questionnaire
électronique  envoyé  à  l’ensemble  des  internes  et  résidents  franc¸ais.  La  première  partie  était  un
inventaire des  différentes  méthodes  d’enseignement  sous  la  forme  de  21  questions  Oui/Non.  La
seconde partie  était  une  évaluation  des  connaissances  théoriques  sous  la  forme  de  15  questions
à choix  multiples  couvrant  l’ensemble  du  programme.
Résultats.  —  Parmi  les  21  variables  testées,  4  sont  ressorties  comme  étant  associées  au  score
obtenu à  l’évaluation  des  connaissances  :  l’accès  à  une  auto-évaluation  (p  =  0,0093),  l’accès  à
d’autres méthodes  pédagogiques  que  les  cours  magistraux  (p  =  0,036),  la  discussion  systéma-
tique avec  un  senior  des  décisions  cliniques  (p  =  0,013)  et  la  possibilité  pour  les  internes  de
préparer et  donner  eux-mêmes  les  cours  théoriques  (p  =  0,039).  La  cinquième  variable  était
l’ancienneté  (p  =  0,0003).  Pour  chaque  QCM  pris  indépendamment,  la  note  est  plus  élevée  si
l’information  est  tirée  des  recommandations  et  plus  basse  si  aucune  formation  n’a  été  dispen-
sée sur  l’item  testé  par  le  QCM  (p  <  0,001).  Enﬁn,  91  %  des  étudiants  trouveraient  utile  d’avoir
une référence  nationale  pour  chaque  item  du  programme  ;  76  %  se  connecteraient  souvent  à
une plateforme  de  e-learning  si  elle  était  disponible.
Conclusions.  — Il  est  nécessaire  de  repenser  l’enseignement  en  cardiologie  en  impliquant  les
étudiants dans  l’enseignement,  en  utilisant  des  méthodes  pédagogiques  différentes  du  cours
magistral  et  en  facilitant  l’accès  à  l’auto-évaluation.  L’outil  numérique  semble  être  une
approche adaptée  à  cet  effet.
© 2015  Elsevier  Masson  SAS.  Tous  droits  réservés.
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The  digital  revolution  leads  us  to  rethink  medical  education.
Diversiﬁcation  of  educational  facilities  and  new  technologies
are  already  part  of  the  educational  arsenal  in  the  world’s
largest  universities.  Technological  innovations  in  e-learning
help  to  individualize  education  (adaptive  learning)  and
improve  student/student  and  student/teacher  interactions
(collaborative  learning).  The  European  Society  of  Cardiol-
ogy  is  currently  involved  in  developing  an  extensive  training
programme  integrating  self-assessment  modules  [1].
It  is  intuitive  to  think  that  a  medical  doctor’s  knowledge
is  one  of  the  major  determinants  of  quality  of  care.  Thus,
the  scientiﬁc  community  has  a  duty  to  provide  evidence-
based  education  to  medical  residents,  as  it  is  currently  the
standard  for  medication  evaluation.
In  France,  after  the  ﬁrst  6  years  of  medical  school,
students  have  a  national  examination.  According  to  their
ranking,  students  can  choose  their  specialization.  The  car-
diology  residency  lasts  for  4  years  and  consists  of  eight
M
d
s-month  internships:  four  in  various  subspecialties  of  cardi-
logy;  one  in  vascular  medicine  or  surgery;  and  three  outside
he  discipline  (preferably  in  internal  medicine  and  intensive
are).  Conforming  to  the  regulations,  the  courses  repre-
ent  250  hours  of  training,  which  take  place  during  the  4
ears  of  residency.  An  exit  examination  is  not  needed,  but
 programme  with  the  educational  objectives  is  offered  to
tudents  and  teachers.  The  theoretical  training  of  special-
zed  medical  residents  is  based  mainly  on  local,  regional
r  national  lectures.  Education  at  the  regional  level  is
ased  on  clusters  of  three  to  six  neighbouring  universi-
ies,  called  ‘inter-regional  areas’.  In  these  areas,  residents
hare  lectures,  workshops  or  seminars  on  a  regular  basis.
ational  seminars  consist  of  organized  meetings  for  resi-
ents  in  cardiology,  during  which  a  major  cardiology  theme
s  approached  tackled  either  by  a lecture  or  by  a  more
nteractive  approach.  As  showed  in  unpublished  surveys  by
oubarak  et  al.,  on  behalf  of  the  Group  of  Young  Car-
iologists  appointed  by  the  French  Society  of  Cardiology,
atisfaction  with  education  remains  low,  at  around  25—40%.
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In  this  context,  the  assessment  of  the  impact  of  teach-
ng  methods  on  residents’  expertise  is  a  prerequisite  for  the
volution  of  medical  education.  We  are  therefore  commit-
ed  to  understanding  how  residents  have  been  trained  since
007,  and  to  assessing  the  effect  of  each  of  these  learning
ethods  on  residents’  knowledge.
ethods
tudy population
 total  of  780  electronic  questionnaires  were  sent  in  June
013  to  residents  and  assistants  afﬁliated  to  the  French  Soci-
ty  of  Cardiology.  Questionnaires  were  sent  to  all  28  French
niversities.  Fifty  email  addresses  were  not  functional.  The
lectronic  questionnaires  were  anonymous  and  were  built
sing  the  ‘Google  forms’  open  source  and  secure  software.
omposition of the questionnaire
he  questionnaire  consisted  of  two  parts:  an  assessment  of
eaching  methods  followed  by  a  knowledge  test.
irst part
uestions  regarding  teaching  methods  and  satisfaction  are
ummarized  in  Table  1.  Ten  Yes/No  questions  described  the
mplicit  or  explicit  theoretical  academic  organization  of
heir  curriculum.  Ten  Yes/No  questions  described  the  con-
ext  of  the  education,  as  well  as  the  personal  and  studying
esources  used.  Three  scales  from  1  to  10  assessed  residents’
eelings  about  theoretical  education,  practical  (bedside)
ducation,  and  the  usefulness  of  the  available  educational
esources  on  the  web.  The  use  of  Likert  scale  questions,
ultiple-choice  questions  (MCQs)  and  the  opportunity  to
ive  suggestions  allowed  the  residents  to  communicate  the
easons  for  their  dissatisfaction.
econd part
he  knowledge  test  consisted  of  15  MCQs:  three  on  heart
ailure;  three  on  rhythm  disturbances;  two  in  the  ﬁeld  of
oronary  artery  disease;  two  on  valve  diseases;  one  on
ypertension;  one  on  pharmacology;  one  on  cardiac  physi-
logy;  one  on  sports  cardiology;  and  the  last  one  on  internal
edicine.  The  MCQs  were  initially  graded  out  of  138  points
ut  were  subsequently  scored  out  of  100  points.  These
CQs  are  brieﬂy  described  in  Table  2  and  detailed  in  a
upplementary  data  (Appendix).  The  knowledge  test  was
esigned  by  several  subspecialists  from  Lille  University  Hos-
ital  and  the  quality  of  the  answers  to  the  MCQs  was
onﬁrmed  both  in  the  literature  and  by  experts.
For  each  of  the  15  MCQs,  students  were  asked  to
omment  on  where  or  how  they  had  got  the  information  that
llowed  them  to  answer  to  the  question.  Seven  choices  were
ossible:  ‘the  information  to  answer  the  MCQ  was  learned
hrough:  (1)  experience  and  daily  practice;  (2)  conferences;
3)  lectures;  (4)  discussions  with  colleagues;  (5)  personal  ref-
rences;  or  (6)  taken  from  international  guidelines’;  it  was
lso  possible  for  the  individual  to  indicate  that  (7)  they  had
ollowed  no  theoretical  training  regarding  this  item.
‘
a
‘
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tatistical analysis
ontinuous  variables  are  expressed  as  means  ±  standard
eviations;  categorical  variables  are  expressed  as  frequen-
ies  and  proportions.  Comparison  of  the  means  of  the  scores
btained  in  the  knowledge  test  was  carried  out  using  a  two-
ided  Student’s  t  test  or  the  Mann-Whitney  test.  Correlation
etween  satisfaction  scores  regarding  practical  and  theo-
etical  training  was  carried  out  using  Pearson’s  correlation.
he  scores  obtained  in  the  knowledge  test  were  studied  sep-
rately  with  linear  regression  models  and  satisfaction  was
tudied  with  logistic  regression.  A  variable  was  concluded  to
e  a  prognostic  factor  if  the  level  of  signiﬁcance  of  the  vari-
ble  was  ≤0.05.  A  two-tailed  P-value  <0.05  was  required  for
tatistical  signiﬁcance.  Statistical  analysis  was  performed
sing  SAS  Enterprise  Guide  for  Windows,  version  6.1  (SAS
nstitute,  Inc.,  Cary,  NC,  USA).
esults
tudy population
wo  hundred  and  ninety-seven  residents  returned  the  ques-
ionnaire;  283  of  them  completed  it  fully.  All  French
niversities  were  represented,  except  Saint-Etienne  Uni-
ersity.  Response  rates  across  the  country  are  shown  in
ig.  1. The  response  rate  by  inter-regional  area  was  rela-
ively  homogeneous  (between  30  and  45%),  except  for  the
orth-West  region  (the  area  of  the  initiator  of  the  study),
hich  had  a  higher  participation  rate  (58%).  People  who
tarted  their  residency  in  2008,  2009,  2010  and  2011  were
he  most  represented,  with  a 50%  response  rate,  followed  by
tudents  who  started  their  residency  in  2007  and  2012,  with
 30—40%  response  rate,  and,  ﬁnally,  students  who  started
heir  residency  in  2005  and  2006,  with  response  rates  of  5
nd  15%,  respectively.
Table  1  summarizes  results  regarding  learning  methods
nd  satisfaction  with  theoretical  training.
nowledge test
he  average  score  obtained  in  the  knowledge  test  was
3/100,  with  a  standard  deviation  of  8.5  points.  The  min-
mum  and  maximum  scores  were  29  points  and  76  points,
espectively.  The  effects  of  each  of  the  educational  meth-
ds  on  the  score  obtained  in  the  knowledge  test  were
ested  by  univariate  analysis  and  are  shown  in  Table  3.  The
esults  of  linear  regression  of  the  knowledge  score  are  shown
n  Table  4.  The  model  includes  all  variables  presented  in
able  3.
A student  with  >3  years  of  experience  got,  on  average,
.2/100  points  more  than  a  younger  resident  (Table  4).  The
ariable  ‘access  to  self-assessment  at  least  once  every  6
onths’  increased  the  score  by  3.8/100  points.  The  variable
systematic  discussions  with  senior  doctors  about  problem-
tic  decisions’  gained  3.8/100  points.  Finally,  the  variables
use  of  other  teaching  methods’  and  ‘courses  prepared  by
esidents  rather  than  senior  doctors’  allowed  residents  to
arn  3.1/100  and  2.3/100  points,  respectively.
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Table  1  Educational  methods.
Grouping  Question  Question  format  Response  Abbreviation
Local
training
In MY  LAST  INTERNSHIP,  courses  were
organized  at  least  once  a  month
(excluding  training  by  pharmaceutical
companies)
Yes/No  76%  yes  1.  Intradepartment
lessons
In  MY  LAST  INTERNSHIP,  staff  meetings
were  held  at  least  once  a  week
Yes/No 82%  yes  2.  Staff  meetings
In  MY  LAST  INTERNSHIP,  teaching  during
rounds  by  an  MD  or  an  MD/PhD  took  place
at  least  once  a  week
Yes/No  52%  yes  3.  Training  during
rounds
In  MY  LAST  INTERNSHIP,  all  decisions  that
were  problematic  for  me  were  discussed
with  a  senior  doctor
Yes/No  86%  yes  4.  Decisions
discussed
Academic
training
Courses  are  held  regularly  at  my
academic  hospital  (at  least  30  weeks  per
year)
Yes/No  34%  yes  5.  Frequent  lectures
A  quota  is  required  for  course  attendance  Yes/No  39%  yes  6.  Quota  for
attendance  at
lectures
The  courses  are  usually  prepared  by
residents  rather  than  by  senior  doctors
Yes/No  47%  yes  7.  Lectures  prepared
by  residents
Teaching  methods  other  than  lectures  are
used  (simulation  exercises,  workshops,
etc.)
Yes/No 18%  yes  8.  Other  teaching
methods
Regional
and
national
training
A  seminar  takes  place  at  least  once  a
year  in  my  academic  (inter-regional)  area
(seven  areas  throughout  the  country)
Yes/No  84%  yes  9.  Inter-regional
seminar
I  have  already  attended  at  least  two
national  seminars  dedicated  to  residents
Yes/No  50%  yes  10.  National  seminar
Context In  MY  LAST  INTERNSHIP,  I  managed  to
spare  time  for  myself  during  my  working
day  (at  least  1  hour  per  week)  for
self-instruction
Yes/No  37%  yes  11.  Spare  time  for
self-instruction
In  MY  LAST  INTERNSHIP,  I spent  more  than
11  hours  a  day  on  average  in  hospital
Yes/No  63%  yes  12.  Hospital
>11  hours  per  day
I  have  the  opportunity  to  take  a
self-assessment  test  (ECG  analysis  quiz,
etc.)  at  least  once  per  semester
Yes/No  16%  yes  13.  Self-assessment
I  provide  more  than  1  hour  of  instruction
per  week  (to  medical  students,
residents,  etc.)
Yes/No  32%  yes  14.  Residents
teaching  others
Personal
training
I  am  enrolled  in  or  have  obtained  at  least
two  supplementary  (optional)  medical
diplomas
Yes/No  41%  yes  15.  Supplementary
medical  diplomas  >2
I  have  read  at  least  two  of  the  six  ESC
full  text  guidelines  published  in  2012
Yes/No  73%  yes  16.  ESC  guidelines
I  read  other  international  guidelines  Yes/No  57%  yes  17.  International
guidelines
I  read  a  reference  text  book  on  a  regular
basis  (e.g.  Braunwald)
Yes/No  32%  yes  18.  Reference  book
I  visit  PubMed  (or  equivalent  on  the  web)
at  least  once  a  week
Yes/No  39%  yes  19.  Medical  article
database  website
I  take  the  time,  at  least  once  a  week,  to
read  about  cardiology  (e.g.  heart.org)
Yes/No  59%  yes  20.  Reading
cardiology  more
than  once/week
In  my  education,  I  feel  active  Yes/No  65%  yes  21.  Feeling  active
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Table  1  (Continued  )
Grouping  Question  Question  format  Response  Abbreviation
Personal
impression
I think  the  quality  of  THEORETICAL
TRAINING  in  my  specialized  degree  in
cardiology  is/was
1  to  10  4.3  ±  2
I  think  the  quality  of  PRACTICAL
TRAINING  in  my  specialized  degree  in
cardiology  is/was
1  to  10  6.3  ±  2.2
I  think  the  usefulness  of  the  available
educational  resources  on  the  web  is/was
1  to  10  5.2  ±  2
ECG: electrocardiogram; ESC: European Society of Cardiology; MD: medical doctor; PhD: Doctor of Philosophy.
Figure 1. A. Response rate by inter-regional areas. France is
divided into seven areas, each representing a community of three
to six universities. Reunion Island is joined to the South-West area
(circle connected to the South-West area). Regions are: West, North-
West, North-East, Paris area, South-West, Rhone-Alpes-Auvergne
and South-East. B. Breakdown of response as a function of senior-
ity. SD: year of study for cardiology-specialized diploma; CR: chief
resident.
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aA  cumulative  effect  of  the  use  of  various  educational
ethods  was  observed  in  the  determination  of  the  score
btained  in  the  knowledge  test;  results  are  shown  in  Fig.  2.
For  each  item  of  the  knowledge  test  taken  independently,
he  score  was  higher  if  training  was  based  on  European  Soci-
ty  of  Cardiology  guidelines,  and  lower  if  the  student  had  not
eceived  any  formal  education  on  the  said  item  (P  <  0.001).
mong  residents  who  had  completed  their  4  years  of  edu-
ation,  17%  of  the  items  were  declared  as  not  having  been
ormally  taught  during  their  residency.
atisfaction and its determinants
atisfaction  with  theoretical  training  was  low  and  was
onsidered  less  than  satisfactory  with  regard  to  practical
raining  (4.3/10  ±  2  versus  6.3/10  ±  2.2;  P  <  0.001).  Satisfac-
ion  varied  from  one  university  hospital  to  another;  scores
anged  from  2.2—6.7  out  of  10  points.
There  was  a  correlation  between  satisfaction  scores
bout  practical  and  theoretical  training  (r  =  0.  409;
Table  2  Knowledge  test  categories.
Categories  Topics  of  the  15  questions  in
the  knowledge  test
Heart  failure Peripartum  cardiomyopathy
Right  heart  catheterization
interpretation
Metabolic  stress  test  (VO2)
Arrhythmias Congenital  long  QT  syndrome
Cathecholergic  ventricular
tachycardia
‘Mahaïm’  ﬁbres
Coronary  artery
disease
Acute  coronary  syndrome
Diabetic  patient
revascularization
Valve  diseases Organic  mitral  regurgitation
Aortic  stenosis
Pharmacology  Beta-blockers
Sports  cardiology  Athlete’s  heart
Hypertension  Renal  artery  stenosis
Physiology  Left  ventricular  relaxation
Internal  medicine  Amyloid  cardiomyopathy
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Figure 2. Cumulative effect on the ‘baseline’ score, from left to
right, of adding educational methods (the four educational methods
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represent outlier observations.
P  <  0.001).  Variables  predicting  satisfaction  about  theoreti-
cal  training  were  ‘frequent  lectures’  (odds  ratio  [OR]  =  4.7),
‘other  teaching  methods’  (OR  =  3),  participation  in  ‘national
seminars’  (OR  =  2.1)  and  ‘in  my  education,  I  feel  active’
(OR  =  3.5),  whereas  the  variable  ‘supplementary  medical
diplomas  >2′ was  associated  with  dissatisfaction  (OR  =  0.5).
Other  variables  were  not  signiﬁcantly  associated  with  satis-
faction  in  the  multivariable  analysis.
In  addition,  91  and  93%  of  students  found  it  useful  or
very  useful  to  have  a  national  source  and  e-lectures  online
for  each  topic  of  the  curriculum,  respectively.  Seventy-six
percent  of  students  would  often  or  very  often  connect  to  an
e-learning  platform  if  available  (0%  of  students  would  never
connect);  66%  of  students  would  ﬁnd  it  useful  or  very  useful
to  have  the  opportunity  for  online  self-assessment.
Discussion
The  ubiquity  of  new  technologies  in  our  daily  lives  raises  two
issues:  their  development  in  teaching  methods  and  their  use-
fulness  in  the  educational  arsenal.  The  fact  that  this  study
includes  both  a  description  of  learning  methods  and  a  knowl-
edge  assessment  permits  us  to  answer  these  questions.
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Teaching  by  a  senior  doctor  during  rounds  has  always
een  the  primary  teaching  method  in  France.  This  tradi-
ional  way  of  teaching  progressively  gives  the  opportunity
or  frequent  or  systematic  discussions  in  case  of  problematic
ecisions  or  for  staff  meetings.  Lectures  in  the  form  of  inter-
egional  seminars  are  increasing  in  importance  compared
ith  courses  offered  within  the  local  or  academic  hospital.
enior  doctors  gradually  give  way  to  residents  for  course
reparation.  Finally,  we  see  the  emergence  of  new  modes
f  giving  lectures  and  new  types  of  knowledge  assessment,
uch  as  self-assessment.
The  evolution  of  satisfaction  about  theoretical  training
an  be  seen  in  the  2007,  2010  and  2013  questionnaires
aunched  by  the  French  Society  of  Cardiology.  Satisfaction
emains  low  and  relatively  stable:  the  2007  survey  showed
hat  25%  of  students  were  satisﬁed  or  very  satisﬁed  com-
ared  with  40%  in  2010.  In  2013,  the  evaluation  was  based
n  a  10-point  scale  and  the  average  was  4.3  ±  2  points.
Is  this  a  favourable  evolution  for  instruction?  The  ﬁve
eaching  methods  that  emerged  from  the  multivariable  anal-
sis  as  increasing  the  scores  on  the  knowledge  test  (Fig.  2)
eem  to  support  the  current  trends  in  education.  Literature
alidates  some  of  these  results.  Access  to  self-assessment
as  already  been  proven  to  be  one  of  the  most  effective
earning  methods  [2].  The  Cone  of  Experience  by  Edgar  Dale
llows  us  to  understand  the  need  to  involve  other  instruction
ethods  [3],  although  scientiﬁc  sources  for  the  construction
f  this  pyramid  are  debatable  [4].
There  is  an  abundance  of  literature  on  the  subject  of
nstruction  methods  in  general.  However,  the  very  speciﬁc
nstruction  of  medical  residents,  which  combines  practical
raining,  theoretical  instruction  and  guidance  by  experi-
nced  physicians,  makes  it  difﬁcult  to  draw  a  parallel  with
nstruction  methods  in  general.  There  are  very  few  stud-
es  speciﬁc  to  medical  instruction  and  none  with  the  design
roposed  in  this  study.
Two  of  the  methods  that  proved  to  be  the  most  beneﬁcial
n  the  study  are  used  insufﬁciently  in  the  current  approach
o  instruction:  access  to  self-evaluation;  and  the  presence
f  alternatives  to  lectures  (Fig.  2) [2].  The  lack  of  use  of
hese  teaching  methods  is  probably  related  to  their  time-
onsuming  nature  and  the  investment  they  require  from
eachers.  The  development  of  digital  learning  tools  is  deﬁ-
itely  an  answer  to  these  time  consumption  concerns.  The
ffectiveness  of  e-learning  in  education  has  been  demon-
trated  [5]. E-lectures  are  widely  used  for  conferences
slide-shows  combining  sound  and  video).  The  methods  of
-learning  or  MOOC  (Massive  Open  Online  Courses)  have  the
ual  advantage  of  a  massive  diffusion  of  intuitive  informa-
ion,  limiting  the  preparation  time  for  teachers.  Thus,  the
verage  level  and  quality  of  instruction  could  be  signiﬁcantly
mproved  by  selecting  the  most  thorough  and  current  sci-
ntiﬁc  content  and  combining  it  with  the  best  pedagogical
ethods  [6].
The  current  generation  is  ready  to  learn  through  tech-
ological  media;  students  are  ready  to  use  digital  tools  and
ould  like  to  have  a  national  source  to  refer  to.
As  a  perspective,  a  national  (or  European)  framework  forontinuing  education  could  be  electronically  delivered  by
ay  of  a  very  precise  teaching  calendar,  as  a  calendar  is
ne  of  the  most  important  tools  for  an  efﬁcient  learning
pproach  [2].
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Table  3  Univariate  analysis  of  the  effect  of  training  methods  on  the  knowledge  test  score;  same  items  as  in  Table  1
abbreviated.
Yes  (n)  Mean  score/100  ±  SD  No  Mean  score/100  ±  SD  P
Seniority  >3  years  205  54.5  ±  8.0  78  49.5  ±  9.0  <0.001
1.  Intradepartment  lessons  224  52.5  ±  8.5  71  52  ±  10.0  0.72
2.  Staff  meetings  240  51.5  ±  8.5  55  52  ±  10.0  0.63
3.  Training  during  rounds  153  52.5  ±  9.5  142  52  ±  10.0  0.62
4.  Decisions  discussed 255  52.5  ±  10.0 41  49  ±  8.0  0.037
5.  Frequent  lectures 99  54.0  ±  9.5 195  51  ±  9.5  0.018
6.  Quota  for  attendance  at  lectures 114  52.0  ±  9.5 180  52  ±  10.0 0.83
7.  Lectures  prepared  by  residents  137  53.0  ±  10.5  153  51  ±  9.0  0.11
8.  Other  teaching  methods  51  54.5  ±  11.5  241  51.5  ±  9.0  0.048
9.  Inter-regional  seminar  246  52.5  ±  10.0  47  50.5  ±  8.5  0.22
10.  National  seminar  148  53.0  ±  9.0  147  50.5  ±  10.0  0.04
11.  Spare  time  for  self-instruction  109  52.0  ±  9.0  183  52  ±  10.0  0.92
12.  Hospital  >11  hours  per  day  184  52.0  ±  10.0  109  52.5  ±  9  0.77
13.  Self-assessment  46  55.5  ±  9.5  246  51.5  ±  9.5  0.006
14.  Residents  teaching  others  93  52.0  ±  10.5  198  52  ±  9.0  0.80
15.  Supplementary  medical  diplomas  >2  122  54.0  ±  9.5  173  51  ±  9.5  0.008
16.  ESC  guidelines  217  52.5  ±  9.5  78  51  ±  9.5  0.19
17.  International  guidelines  166  53.0  ±  9.5  126  50.5  ±  9.5  0.048
18.  Reference  book  96  53.0  ±  9.5  198  51.5  ±  9.5  0.18
19.  Medical  article  database  website  116  53.5  ±  9.0  178  51  ±  10.0  0.012
20.  Reading  cardiology  at  least  once/week  173  52.5  ±  10.0  120  51  ±  9.0  0.13
21.  Feeling  active  193  53.5  ±  9.5  102  49.5  ±  9.0  0.001
ESC: European Society of Cardiology; SD: standard deviation.
Table  4  Multivariable  analysis  of  the  effect  of  teaching  and  learning  methods  on  the  score  obtained  in  the  knowledge
test.
Variable  Points  earned/100  95%  conﬁdence  interval  P
Constant  44.0  39.45—48.50  <0.0001
Seniority  >3  years  4.2  1.95—6.50  0.0003
Self-assessment  3.8  0.95—6.65  0.0093
Decisions  discussed  3.8  0.80—6.70  0.013
Other  teaching  methods 3.1  0.20—5.90  0.036
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One  relevant  point  is  the  association  between  the  vari-
ble  ‘supplementary  medical  diplomas  >2′ and  student
issatisfaction.  Might  we  explain  this  association  by  the
xcess  work  required  to  carry  out  these  additional  medical
iplomas?  Maybe  the  dissatisfaction  of  the  students  leads
hem  to  register  for  supplementary  training?  The  solution
ould  be  to  integrate  into  the  core  curriculum  a  maximum
umber  of  trainings  in  order  to  limit  the  proliferation  of
dditional  trainings.
The  results  of  this  study  also  show  that  a  combination  of
eaching  methods  optimizes  the  quality  of  theoretical  train-
ng,  in  terms  of  student  satisfaction  and  knowledge  (Fig.  2)
7,8].  Finally,  this  study  suggests  that  information  taken
irectly  from  the  guidelines  better  enforces  the  knowledge,
hereas  no  formalized  instruction  on  a  topic  leads  to  a  lack
f  knowledge  about  the  topic.  These  results  could  seem  intu-
tive,  but  had  to  be  demonstrated,  and  they  validate  the
oncept  of  optimal  versus  minimal  training  developed  by  the
uropean  Society  of  Cardiology  [9].
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tudy limitations
he  main  limitation  of  this  study  is  the  fact  that  it  represents
nly  one  nation’s  view,  thus  the  interpretation  has  to  be
imited  to  France.  We  could  not  get  an  exhaustive  list  of  the
tudent’s  email  addresses;  thus,  and  due  to  the  variability
f  responses  among  cities,  Saint-Etienne  University  is  not
epresented.  The  study  is  not  exhaustive  and  represents  a
anel  of  about  30—35%  of  the  residents.
onclusion
his  study  demonstrates  moderate  satisfaction  of  French
esidents  in  cardiology  with  the  quality  of  their  theoreti-
al  training  (knowledge  development)  compared  with  their
atisfaction  with  practical  training  (skills  acquisition  and
ehavioural  training).  Five  variables,  including  four  teach-
ng  modalities,  independently  predicted  a  higher  score  in
ogy  
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[Cross  analysis  of  knowledge  and  learning  methods  in  cardiol
the  knowledge  test.  These  variables  were  seniority  >3  years;
access  to  self-assessment;  the  use  of  teaching  methods  other
than  lectures  during  explicit  learning;  systematic  discussion
of  problematic  decisions  with  senior  doctors  (case-based
discussions);  and  the  opportunity  to  prepare  lectures  by
themselves  rather  than  attending  courses  prepared  by  expe-
rienced  doctors.  For  a  given  item,  the  quality  of  knowledge
was  positively  inﬂuenced  when  students  were  familiar  with
the  guidelines  covering  the  topic,  and  was  negatively  inﬂu-
enced  when  the  topic  had  not  been  covered  by  the  training
programme.  The  results  underlined  in  this  study  can  be  used
as  landmarks  to  guide  the  essential  instructional  needs.  The
use  of  electronic  resources  may  be  a  particularly  effective
approach  to  the  objective  of  diversiﬁcation  of  teaching  and
advancing  medical  education.  To  propose  this  type  of  evalu-
ation  throughout  Europe  would  be  of  interest  and  would  help
with  the  understanding  of  national  differences  and  orga-
nizing  the  harmonization  of  education  throughout  European
countries.
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